Forty enteraggregative Escherichia coli (EAggEC) previously characterized by their ability to adhere to HEp-2 cells or/and their hybridization with the 1-kb EAggEC DNA probe were investigated for the presence of adherence factors and heat-stable enterotoxin (EAST1)-encoding genes. Only 45% of the isolates harbored the EAST1-encoding genes as detected by polymerase chain reaction. None of them hybridized with an AAF/II-encoding gene specific DNA probe and 35% (14/40) were positive in a PCR assay using primers specific for aggC, an accessory gene of the AAF/I-encoding operon. Cloning and sequence analysis of the aggA variant from one isolate, EAggEC 457, revealed 68.9% identity between its deduced amino acid sequence and those of the aggA product from the AAF/I-producing reference strain, E. coli 17.2. No major protein subunit was detected at the surface of EAggEC 457 compared to the bacterial surface extract of E. coli 17.2. z
Introduction
Strains of enteroaggregative Escherichia coli (EAggEC) have been implicated as etiologic agents of infant gastroenteritis in both developing [1^3] and developed countries [4] , most predominantly among cases which persist longer than 14 days. They are characterized by aggregative adherence (AA) to HEp-2 cells, wherein bacteria are seen in`stacked brick' aggregates attaching to culture cells, and usually to the glass surface between cells [5] and some of them elaborate an enterotoxin named EAggEC heatstable enterotoxin 1 (EAST1) [6, 7] . Several studies have attempted to ¢nd methods for providing a simple test for identifying EAggEC, including erythrocytes agglutination, serotyping, pellicle formation in broth culture and outer membrane protein analysis [8, 9] . However, HEp-2 adhesion assay and DNA hybridization tests with EAggEC speci¢c probes still remain the most reliable techniques. Indeed, many EAggEC strains contain a large 60 MDa plasmid which confers AA by means of bundle-forming ¢m-briae with diameters of 2^3 nm termed aggregative adherence ¢mbriae I (AAF/I). Genes necessary for the expression of AAF/I in the prototype EAggEC strain, E. coli 17.2 isolated in Chile, have been localized in two unlinked plasmid regions, separated by 9 kb of DNA [10] . Region 1 contains four open reading frames (ORFs) encoding the AAF/I structur-al (aggA) and accessory proteins (aggD, C, B) [11] . A second ¢mbria (AAF/II) has been since described; it is morphologically and genetically distinct from AAF/I and has been found in a minority of EAggEC strains [12] .
During the course of a prospective case-control study, we isolated 40 EAggEC from children's stools [13] . They were characterized by means of their pattern of adherence to HEp-2 cells and/or by hybridization with a DNA probe (the AA probe) previously described by Baudry et al. and consisting of a 1-kb EcoRI^PstI fragment from a region unrelated to the adhesion gene cluster of the plasmid of the prototype strain, E. coli 17.2 [14] . The distribution of EAggEC between patients with diarrhea and controls was not statistically di¡erent and no correlation was observed between the HEp-2 cells adherence assay and hybridization with the AA probe [13] . In the present study, these 40 EAggEC strains were examined for their virulence characteristics and the nature of their potential adhesive factors was investigated.
Materials and methods

Bacteria and growth conditions
Forty E. coli strains characterized as enteroaggregative (EAggEC) by means of their HEp-2 cells adherence pattern (15 strains) and/or by hybridization with the EAggEC probe, i.e. a DNA probe constructed of an EcoRI^PstI 1-kb fragment from the 17.2 plasmid [14] (34 strains). These strains were collected during the course of a prospective, casecontrol study conducted during 1 year to determine the importance of the di¡erent entero-adherent E. coli in children 6 7 years old hospitalized in the Clermont-Fd pediatric wards [13] . E. coli JM109 was used as a recipient strain for genetic manipulation. E. coli 17.2, the wild-type EAggEC strain expressing AAF/I, and E. coli Hb101/pJC2, the recombinant strain harboring the AAF/II-encoding genes were used as positive controls [5, 12] and E. coli K12C600 was used as a negative control in colony hybridization. All strains were stored at 370³C in Luria^Bertani (LB) with 12% glycerol. When appropriate, 100 Wg ml 3I of ampicillin were added into LB broth or agar.
Serogrouping
Boiled cells of all EAggEC strains were serogrouped by a slide agglutination test with the following commercial antisera from Diagnostics Pasteur (Marnes-la-Coquette, France) and Difco Laboratories: O55, O26, O111, O86, O127, O119, O128, O125, O124, O114, O142, and O157.
Polymerase chain reaction (PCR)
All 40 strains were screened for the presence of the EAST1-encoding gene and the AAF/I adhesin-encoding genes, aggA and aggC, by PCR. DNA to be ampli¢ed was released from whole organisms by boiling. Bacteria were harvested from 1 ml of an overnight culture in LB broth, suspended in 200 Wl of sterile water, and incubated at 100³C for 10 min. Following centrifugation of the lysate, a 10-Wl sample of the supernatant was used as template DNA in the PCR ampli¢cations performed in a total volume of 100 Wl. Primers sjs5 (5P-GCGTTAGAAAGAC-CTCCAATA-3P) described by Savarino et al. [11] and sjs6bis (5P-TTAAAAATTAATTCCGGC-3P), designed to amplify a 432-bp size DNA fragment corresponding to aggA lacking its predicted signal sequence were used. The PCR cycle included denaturation for 1 min at 94³C, primer annealing for 1 min at 41³C, and extension for 1 min at 72³C (30 cycles). Primers 694 (5P-TATTAAACCATGGTA-GCG-3P) and 693 (5P-GCCAAGATCCGAGATT-GA-3P) were designed to amplify a 538-bp size DNA fragment from the 5P-region of the published sequence of aggC [11] and the set of primers EAST11a (5P-CCATCAACACAGTATATCCGA-3P) and EAST11b (5P-GGTCGCGAGTGACGGCTTT-GT-3P) was used to generate a 111-bp EAST1-encoding gene speci¢c DNA fragment. The same ampli¢-cation conditions were applied, except the annealing steps performed at 45 and 55³C, respectively. Each of the primers were used at 0.125 WM, with 0.2 mM of each deoxynucleosides triphosphates (Boehringer Mannheim, Germany), 50 mM KCl, 10 mM TrisHCl pH 8.3, 1 mM MgCl P , and 1 U of Taq DNA polymerase (Applige éne-Oncor, Illkirch). Ten microliters of the reaction mixture was then analyzed by electrophoresis on 1.5 or 2% agarose gels, and the reaction products were visualized by staining with ethidium bromide. A reagent blank, which contained all components except the template DNA as well as DNA from E. coli 17.2 were included as negative and positive controls, respectively.
Colony hybridization
Colony blot hybridization assays were performed with the DNA probe aggA-speci¢c generated by labeling the PCR product obtained with primers sjs5 and sjs6bis from the E. coli 17.2 genomic DNA [11] . AAF/II-encoding genes were detected by colony hybridization using an aafA-speci¢c 1.7-kb DNA fragment resulting from EcoRI digestion of plasmid pJC2 [12] . The 40 strains to be tested were spotted onto nylon membranes (Hybond-N, Amersham, UK) and hybridized under high stringent conditions with DNA probes QP P-labeled by random priming using the Random Priming DNA Labeling Kit (Boehringer Mannheim, Germany). E. coli 17.2 and E. coli K12 C600 were incorporated as positive and negative controls, respectively.
Molecular cloning and sequencing
All genetic manipulations were performed by standard methods [15] . High molecular weight plasmids from EAggEC isolate 457 and plasmid vector pUC18 were extracted by using a Plasmid Midi Kit (Qiagen, Courtaboeuf, France). Puri¢cation of DNA fragments and extraction from agarose gel slices were performed with SpinX column (Costar, Polylabo, Strasbourg). Recombinant plasmids were introduced into E. coli JM109 by electroporation (BioRad apparatus) and colony screening was performed by hybridization as described above. DNA sequence determination of the inserted DNA fragment of the recombinant plasmids was performed and analyzed at Euro Sequence Genes Services, (Montigny le Bretonneux, France) on AB1377 sequencer using ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit with AmpliTaq DNA polymerase, FS (Perkin-Elmer/Applied Biosystems Division, Foster City, CA, USA). The predicted amino acid sequence of the ORF was compared with proteins listed in EMBL/GenBank by using the Genetics Computer Group CLUSTAL W(1.7).
Extraction of bacterial surface proteins
EAggEC strains were grown on two LB plates (15 cm diameter) and the resultant cell mass suspended in 0.5 ml saline prior to incubation at 60³C for 20 min with shaking. Following centrifugation (13 000Ug, 10 min), the supernatant was removed and orthophosphoric acid was added till pH 4. After overnight at 4³C, the pellet obtained after centrifugation (13 000Ug, 10 min) was examined for protein content by SDS-PAGE in 4.5 and 12% acrylamide stacking and separation gel, respectively. Proteins separated by SDS-PAGE were Coomassie blue stained.
Results
EAST1 detection by PCR indicated that 18 out of the 40 isolates possessed the EAST1-encoding genes. No correlation was observed between the strain's aggregative characteristics, i.e. identi¢ed by HEp-2 cells adherence assay or hybridization with the 1-kb DNA probe, and the presence of EAST-encoding gene. Only eight strains agglutinated with commercial sera to the traditional serogroups: O111 (n = 1), O125 (n = 3), O126 (n = 2), O127 (n = 2) ( Table 1) , and when tested for the presence of AAF/II-encoding genes by colony hybridization, none of the 40 isolates were positive.
Using primers speci¢c for the agg genes, the PCR tests performed with the 40 EAggEC isolates detected 14 (35%) aggC-positive strains, including 10 characterized as EAggEC by colony hybridization with the EAggEC probe (10/25), one by determination of the adherence pattern with HEp-2 cells (1/6), and three by both methods (3/9) ( Table 1) . However, PCR ampli¢cations performed with primers speci¢c for aggA did not yield a positive result among the 40 EAggEC strains. The same 14 EAggEC strains previously detected by PCR ampli¢cation of aggC were positive when examined for aggA by colony hybridization using an aggA speci¢c QP P-labeled probe from E. coli 17.2. Thus, it is likely that a variant of aggA was present in these strains, probably encoding for a slightly di¡erent adhesin.
Further characterization of the aggA-like gene was conducted with one isolate, EAggEC 457. High molecular weight plasmids from this strain were extracted, digested with BamHI and the resulting fragments inserted into BamHI-digested pUC18. Two positive recombinant clones were selected by colony hybridization. They both harbored an 1200-bp fragment that was subsequently subcloned in the same plasmid vector as an 750-bp Acc1 fragment. The nucleotide sequence of both strands of this fragment was determined and its translation showed an 168 codons ORF, designated aggA RSU (GenBank/ EMBL, accession number Y18149). CLUSWTAL analysis of the aggA RSU gene product revealed 68.9% identity with the previously described EAggEC adhesin, AAF/I and only 26.8% with the AAF/II amino acid sequence (Fig. 1) . The deduced amino acid sequence included a typical signal sequence at the N-terminal and features characteristic of adhesins belonging to the Dr family: threonine at position 44, cysteine at position 49, isoleucine at position 53, cysteine at position 81 and tyrosine at position 161.
As shown by SDS-PAGE, a major protein expressed by the reference strain E. coli 17.2 was present in surface extract preparations and migrated as a band of about 18-kDa (Fig. 2) . According to the predicted size of the aggA product, this 18-kDa protein could be the AAF/I ¢mbrial subunit. However, despite the relatedness of the AggA-encoding genes, no such band was detected in bacterial extract from EAggEC 457. Fig. 1 . Sequence alignment of predicted amino acid sequences derived from the genes encoding AafA, AggA RSU and AggA, respectively. Asterisks and dots below indicate identical and related residues, respectively. Detected by PCR. Two isolates were positive for this serogroup.
Discussion
EAggEC have been characterized by their extremely aggregative adhesion phenotypes and toxin production. In this study, 18/40 strains of the EAggEC isolates harbored the EAST1-encoding genes. A similar frequency (ca. 40% EAST1) has been previously reported among EAggEC [16] , but this toxin has been mostly detected in other E. coli pathovars, including enterotoxigenic and enteropathogenic E. coli [17, 18] . However its exact role in the diarrheal process remains to be determined: there was no correlation between the presence of EAST1 genes and the severity of diarrhea in the patient groups of our study. Determination of serotypic markers indicated that three strains belonged to EAggEC serogroups (O127 and O111) and 5 to traditional enteropathogenic E. coli serogroups (O125 and O126) [13] , therefore showing the lack of reliability of this method of identi¢cation.
Several bacterial surface factors have been implicated in the aggregative adhesion process: a 38-kDa outer membrane protein [9] , a 18-kDa outer membrane associated protein [8] , ¢mbriae composed of a 20-kDa subunits [19] , but the most extensively described factors are the long bundle forming type ¢m-briae named aggregative adherence factors, AAF/I and /II [10, 12] . In our study, only 35% (14/40) of the EAggEC strains tested harbored the aggC accessory gene as detected by PCR and therefore might possess an AAF/I-encoding operon. PCR and hybridization analysis of these 14 isolates indicated that an aggA-like gene was actually present, but somewhat di¡erent from the one described with the reference strain, E. coli 17.2, at least in the region encompassing the primers chosen in our PCR assays. Subsequent cloning and sequencing of this aggA variant from one isolate, E. coli 457, indicated a high percentage of similarity between the two deduced amino acid sequences (68.5%). Analysis of bacterial surface extracts showed that only the reference strain E. coli 17.2 produced a 18-kDa protein that could be the ¢mbrial subunit. Thus, although very related, the two adhesins may not present the same structural arrangements at the cell surface. Preliminary examination of whole bacteria by transmission electron microscopy did not reveal any ¢mbrial structures at the cell surface of E. coli 457 (data not shown).
From the 14 strains adhering to HEp-2 cells with an AA phenotype, only four harbored sequences homologous to the agg genes cluster as detected by PCR (aggC) or colony hybridization assay (aggA). When tested for the presence of AAF/II encoding genes by colony hybridization, none of the 40 isolates were positive. This suggests that the remaining strains possess other adhesins. In studies conducted in Chile and India, Nataro et al. detected as high as 90% AAF/I producers among the EAggEC strains [20] . In this study, we detected only 35% agg-positive strains, a percentage similar to the one obtained by Czeczulin et al. with EAggEC strains from various epidemiological studies around the world; these authors detected 31% of AAF/I positive and 12% of AAF/II-encoding genes [12] . Either di¡erences in experimental methods, particularly with respect to the tools used to determine the presence of AAF/I adhesins (both Czeczulin's study and ours were performed using agg speci¢c DNA probes), or di¡erence in the prevalence of the AAF/I adhesins in strains from Chile and India versus other geographical areas may account for these di¡ering results.
The EAggEC EcoRI^PstI 1-kb probe was highly sensitive and speci¢c in an epidemiological study involving strains from Chile and India [14] . However, in our study, we demonstrated the presence of aggC and variant of aggA genes in only 13 of the 34 strains which hybridized to the EAggEC EcoRIP stI probe. Furthermore, among the 21 EAggEC probe-positive strains in which we did not detect aggA and aggC sequences, only six were adherent in the HEp-2 cell assay [13] . This suggests that the use of this fragment for diagnostic purposes is questionable in areas other than Chile and India. Such discrepancies between the HEp-2 cells adherence assay and the use of this DNA probe have already been reported in studies conducted in Northeastern Brazil [21] .
It can be concluded that determination of the adherence pattern to HEp-2 cells, although highly subjective, still remains the best identi¢cation method of enteroaggregative E. coli. Because this screening method does not allow detection of adhesins not expressed under in vitro conditions, it should be complemented by molecular detection of the adhesin-encoding gene clusters. Our study showed the heterogeneity in aggA, therefore PCR technology should be restricted to the detection of sequences homologous to accessory genes. Because the clinical signi¢cance of EAggEC is still poorly understood, appropriate methods of diagnosis of bacteria belonging to this emerging group of pathogens are truly required.
